Three isolates of Curvularia were obtained from diseased Eucalyptus sp., Syngonium vellozianum and Zinnia elegans. Phylogenetic trees inferred from combined dataset of the internal transcribed spacer ribosomal DNA (ITS), partial glyceraldehyde-3-phosphate dehydrogenase (GPDH), and partial translation elongation factor 1-α (EF1α) along with morphological characterization, showed they are two novel species. Curvularia ahvazensis sp. nov. and C. rouhanii sp. nov. are described and illustrated and shown to be morphologically distinct from previously known species of Curvularia.
Introduction
Helminthosporium-like fungi associated with Cochliobolus, Helminthosporium, Bipolaris and Curvularia, contains some of the most highly damaging plant pathogens (Webster & Webber 2007) . These genera produce dark coloured multi-septate conidia and belong to the family Pleosporaceae, class Dothideomycetes (Hibbett 2007 , Wijayawardene et al. 2017 , 2018 . Curvularia sensu lato (Boedijn 1933 ) is generally characterized by curved and euseptate phragmoconidia with an unevenly swollen central cell, usually less strongly pigmented end cells, and a protuberant hilum in some species; with blastic-sympodial and tretic conidiogenesis. Recently, Curvularia species have been subjected to multigene phylogenetic analyses in combination with morphology , b, 2014 , 2015 , Tan et al. 2014 , 2018 , Tomaso-Peterson et al. 2016 , b, Heidari et al. 2018 , Liang et al. 2018 . As a result of this, several Bipolaris species are now accepted in the genus Curvularia (Manamgoda et al. 2012a , b, 2014 , 2015 , Tan et al. 2014 , 2018 , Tomaso-Peterson et al. 2016 . The partial regions of ITS (internal nuclear ribosomal transcribed spacer region), GPDH (glyceraldehyde-3-phosphate dehydrogenase) and EF1α (translation elongation factor 1-a) were used exclusively or in combination for the species delimitation of Curvularia , b, 2014 , 2015 , Tan et al. 2014 , 2018 , Tomaso-Peterson et al. 2016 , b, Heidari et al. 2018 , Liang et al. 2018 . Including the most recent new species descriptions , b, Heidari et al. 2018 , Tan et al. 2018 , Liang et al. 2018 , Curvularia sensu stricto includes 92 validated species with very wide morphological variation (http://www.mycobank.org). In the present study, two new species of Curvularia isolated in Iran are described and illustrated through a polyphasic approach. A multi-locus phylogeny (ITS, GPDH and EF1α) , combined with morphological analysis, was used to delimit them from previously described species.
Material and Methods

Isolates and purification
During 2015, symptomatic plants of Eucalyptus sp. (with stem canker and die-back), Zinnia elegans (with wilting and root rot) and Syngonium vellozianum (with leaf blight) were sampled from Ahvaz and Behbahan in the southwest of Iran. Small tissue pieces (0.3-1 cm) were cut from the interface between healthy and diseased tissue and surface-disinfected for 2-4 min in a solution containing 2 % (v/v) sodium hypochlorite. They were then rinsed three times in sterile distilled water (2 min) and air-dried in a microbiological hood (Alexopoulos & Beneke 1962 
Growth characterization and morphological observations
Growth rates and colony characteristics were determined on PDA (Merck) and corn meal agar (CMA, Sigma Aldrich) at three different temperatures (28, 35 and 40 °C) in a 12-h fluorescent light-dark regime. The colony diameter was measured daily for at least eight days. Sporulation structures (including conidia, conidiophores and conidiogenous cells) were examined and measured using 40x and 100x objective lens of a Leitz Wetzlar (SM-LUX) Basic Biological light microscope. Slide cultures were prepared according to the protocol described by Beneke & Rogers (1996) . Measurements are reported as a maximum and minimum range in association with 95% confidence limits and standard deviation. Images were prepared and recorded with an OLYMPUS BX51 microscope fitted with an OLYMPUS DP12 digital camera.
Biomass preparation, DNA extraction and amplification
Mycelial biomass was recovered from cultures grown in Erlenmeyer flasks containing potatodextrose-broth medium (PDB) and passed through filter papers. The biomass was freeze-dried (Freeze-Dryer, Alpha 1-2LD Plus, Christ) and powdered in a mortar containing liquid nitrogen. Genomic DNA was extracted from approximately 100 mg of freeze-dried mycelium using an organic method described by Raeder & Broda (1985) , with some modification (Ahmadpour et al. 2017) . A part of nuclear DNA, containing the ITS 1 & 2, 5.8S and LSU-D1/D2 regions, was amplified by PCR using the primer combinations ITS1 and NL4 (White et al. 1990 , O'Donnell 1993 . A fragment of the GPDH gene was amplified using the primer pair gpd1 and gpd2 (Berbee et al. 1999) . A partial region of EF1α was amplified using the primer pair EF1-983 and EF1-2218R (Schoch et al. 2009 ). Each polymerase chain reaction (PCR) was performed in a 50 μl reaction volume which contained 5 μl 10× PCR buffer, 1.6 μl of each primer (10 μM), 6 μl MgCl2 (25 mM), 1 μl template DNA, and 0.25 μl Taq DNA polymerase (5 units/μl, GenetBio, South Korea). Amplicons were produced in an automated thermal cycler (MJ Mini TM Gradient Thermal Cycler) with an initial melting step at 95 °C for 3 min, followed by 35 cycles of 30 s denaturation at 94 °C, 40 s primers annealing at 54 °C (ITS), 56 °C (GPDH) or 62 °C (EF1α), 1 min extension at 72 °C, 1175 and a 10 min extension at 72 °C. PCR products of the expected size were purified by GF-1 AmbiClean Kit (Vivantis, Malaysia) according to the manufacturer's instructions.
Sequencing, DNA analysis and phylogeny
Amplicons were sequenced in both directions using the original PCR primers by Macrogen Company (Humanizing Genomics, Macrogen, South Korea). The obtained sequences were edited and assembled using BioEdit Sequence Alignment Editor Version 7.0.9.0 (Hall 1999) and DNA Baser Sequence Assembler v4 programs (2013, Heracle BioSoft, www.DnaBaser.com), respectively. The generated sequences were deposited in GenBank (Table 1) . To study the phylogeny of Curvularia including the isolates under study and many of the known species, two combined matrix, containing ITS and GPDH (two-locus) and ITS, GPDH and EF1α (three-locus) sequences, were constructed. Bipolaris drechsleri was selected as outgroup taxon. Sequences were aligned with Clustal W in MEGA version 6 (Tamura et al. 2013 ) and manually refined in BioEdit 7.0.9.0 (Hall 1999). Maximum likelihood (ML) analyses of the combined datasets was performed with MEGA version 6, using best-fitting nucleotide substitution model, as suggested by ML model test, subtree-pruning-regrafting (SPR) algorithm and following options: gaps (insertion/deletions) were included in analysis, bootstrap (BP) analyses were done with 1000 replicates, initial trees for ML were made by NJ/BioNJ algorithm and branch swap filter was set very strong. Statistical support of nodes of the phylogenetic trees is indicated as ML bootstrap values (BS) = 50-100%. Two combined matrix used for phylogenetic analysis were deposited in the Treebase (http://purl.org/phylo/treebase/phylows/study/TB2: S22741).
Results
Sequences and phylogenetic analysis
The final Curvularia alignment to construct phylogenetic trees included 121 strains (Table 1) , representing many of the known Curvularia species, two new species described in the present study and the outgroup taxon. The combined matrix consisted of 1652 characters including alignment gaps (ITS: 468, GPDH: 501, and EF1α: 683). The number of conserved sites was 1172 (ITS: 327, GPDH: 294, and EF1α: 551). The number of variable and parsimony uninformative sites was 74 (ITS: 26, GPDH: 20, and EF1α: 28) and 386 sites were variable and parsimony informative (ITS: 101, GPDH: 181, and EF1α: 104). The best models of evolution calculated with MEGA 6 were the TN93 (Tamura-Nei) and GTR (General Time Reversible) with Invariant Site and Gamma Distribution (G + I) used for ML analysis of two-and three-locus datasets, respectively. In both two-and three-locus phylogenetic trees inferred from the combined dataset of ITS-GPDH and ITS-GPDH-EF1α ( Fig. 1 ), both strains (CBS 144674 and CBS 144675) of C. rouhanii cluster together with BS 73% and 93% support, respectively. This species also associated with two other taxa, C. buchloes and C. spicifera, in a larger clade with BS 94% support (Fig. 1) . In three-locus phylogenetic tree, C. ahvazensis clustered with C. hawaiiensis into a distinct clade with BS 92% support. Two species, C. ahvazensis and C. hawaiiensis, could also be clearly distinguished based on morphology. The phylogenetic tree based on ITS-GPDH dataset (not shown) was constructed to show delimitation of some Curvullaria species for which their EF1α sequences were not available. Etymology -Name refers to the city Ahvaz, where the fungus was collected.
Taxonomy
Curvularia ahvazensis
M. Mehrabi-Koushki & G. Babaahmadi, sp. nov.
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Morphology on PDA -Hyphae hyaline to pale brown, branched, septate, 2.5-5 μm diam. Conidiophores arising singly, septate, generally equal width in basal and median parts, upper part wider, straight or flexuous, sometimes geniculate at apex, mostly un-branched, sometimes bifurcated, cell walls thicker than those of vegetative hyphae, brown, darker towards apex, (7.5-)12-137.5(-187) × 2-4 μm, 95% confidence limits = 37.3-53.8 × 2.7-3.1 μm, (x ̅ ± SD = 45.5 ± 36.9 × 2.9 ± 0.7 μm, n = 45). Conidiogenous cells integrated or discrete, smooth or with verruculose nodes, terminal or intercalary, proliferating sympodially, with circular and slightly thickened scars, pale brown to brown, subcylindrical to slightly swollen. Conidia smooth-walled, straight or very-slightly curved, ellipsoid, oblong or cylindrical, tapering towards rounded ends, pale brown to brown, 2-6-distoseptate, end cells not paler, (10-)13.5-27(-35) × (2.5-)5-7.8 μm, 95% confidence limits = 20.6-22.1 × 6.4-6.7 μm, (x ̅ ± SD = 21.4 ± 3.7 × 6.5 ± 0.7 μm, n = 50). Hila slightly protruding, darkened, thickened, 1.5-3 μm diam. Chlamydospore and sexual morph not observed. Cultural characters -Colonies on PDA attaining 60-65 mm diam. after 8 d incubation at 28±0.5 °C, 48-52 mm diam. at 35±0.5 °C and 9-9.4 mm diam. at 40±0.5 °C, circular with entire margin, greenish grey (green jade) with colorless edge, paler with age, aerial mycelium sparse to abundant, floccose with age; reverse greenish black, paler towards the edge of the colony, with age becoming darker. Colonies on CMA, 80-84 mm diam. after 8 d incubation at 28±0.5 °C, looser than on PDA, circular with entire margin, blackish green with paler edge, paler with age, aerial mycelium sparse to abundant, with age slightly floccose; reverse greenish black, paler and greener towards the edge of the colony, with age becoming darker.
Habitat -common zinnia. Distribution -Iran (Ahvaz). Notes -In the phylogenetic analysis of combined ITS-GPDH-EF1α dataset (Fig. 1) , Curvularia ahvazensis is phylogenetically related to C. dactyloctenii (Alcorn) Y.P. Tan & R.G. Shivas (Alcorn 1982 , Tan et al. 2014 , 2018 
Hyde (Manamgoda et al. 2012), and C. nodosa Y. Marín, Cheew. & Crous (Marin-Felix et al. 2017b) . The length of C. ahvazensis conidia (13.5-27 μm) is similar to those of C. nodosa (14.5-25 μm), while the conidia of C. dactyloctenii (32-55 μm long) and C. hawaiiensis (12-37 μm long) are longer. The conidia of C. ahvazensis (5-7.8 μm wide) and C. dactyloctenii (6-8 μm wide) are narrower than those of C. hawaiiensis (8-10 μm wide) and C. nodosa (7-9.5 μm wide). Conidiophores of C. ahvazensis are 2-4 μm wide, while in C. hawaiiensis and C. nodosa they are 2-6 μm and 3-5.5 μm wide, respectively. Etymology -In reference to the significant contribution of Prof. Hamid Rouhani to develop biological control of plant diseases in Iran.
Curvularia rouhanii
Morphology on PDA -Hyphae hyaline to pale brown, poorly branched, septate, occasionally with pear-shaped swollen cells, 2-6 μm diam. Conidiophores arising singly, septate, generally equal wide in median or upper parts, base thinner with a narrowed basal cell, straight or flexuous, apically geniculate, un-branched, cell walls thicker than those of vegetative hyphae, brown, paler towards apex, (17.5-)25-155(-230) × 2.5-5(5.5) μm, 95% confidence limits = 63.9-83.2 × 3.8-4.1 μm, (x ̅ ± SD = 73.6 ± 47.6 × 4 ± 0.8 μm, n = 50). Conidiogenous cells integrated or discrete, smooth or with verruculose nodes, terminal or intercalary, proliferating sympodially, with circular and thickened scars, brown to dark brown, subcylindrical to swollen. Conidia smooth-walled, straight or very slightly curved, ellipsoid to cylindrical, tapering towards rounded ends, pale brown (Fig. 1) , but is morphologically distinct. Curvularia rouhanii can be easily distinguished from C. buchloes (Manamgoda et al. 2015) by the production of shorter conidia with fewer septa [(2-)4-distoseptate and 15-30.5 μm long in C. rouhanii vs. 3-8-distoseptate and (34-)40-69(-71) μm long in C. buchloes]. Furthermore, the conidia of C. buchloes are more curved than those of C. rouhanii (Manamgoda et al. 2015) . The conidia of C. rouhanii differ from C. spicifera (Bainier 1908) in having more septa, and shorter and narrower conidia (C. spicifera are predominantly 3-distoseptate and 30-36 × 11-14 μm). 
Discussion
The combination of phylogenetic analysis with morphological characterization showed that both Curvularia ahvazensis and C. rouhanii, are novel species. In both two-and three-locus-based phylogenetic trees, the combined datasets separated both new taxa from previously known species of Curvularia. In addition to their phylogenetic delimitation, morphological differences, including conidial size, shape and septation, can distinguish them from their closest relatives among the Curvularia species. Phylogenetic trees obtained from maximum likelihood analysis in this study yielded the same overall topology as that presented in previous surveys , b, 2014 , 2015 , Tan et al. 2014 , 2018 , Tomaso-Peterson et al. 2016 , b, Heidari et al. 2018 , Liang et al. 2018 .
